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Abstract: Simple oxazolidine-based chiral diene ligands, 
ultimately derived from serine, have been synthesized using the 
Seebach self-regeneration of stereocentres strategy. The ligands 
have been used in the enantioselective Rh-catalyzed conjugate-
addition of aryl boronic acids to cyclohexenone. An efficient 
“in vacuo” reaction protocol has been developed as part of this 
study. 
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Oxazolidine 
In recent years, there has been a pronounced level of 
interest in the design, synthesis and evaluation of 
chiral diene ligands for enantioselective transition 
metal-catalyzed transformations.
1
 Originally, Hayashi 
reported that rigid bicyclic dienes, such as 1
2
 (Figure 
1), acted as excellent chiral ligands for Rh(I)-
catalyzed processes. Whilst ligand 1 is clearly a very 
effective ligand for asymmetric synthesis, accessing 1 
is somewhat involved, including resolution of the 
racemic diene ligand. The report of 1 prompted the 
exploration of new areas of chemical space, and other 
laboratories accordingly sought to design efficient 
syntheses of new diene ligands avoiding the 
requirement for resolution. For example, the Carreira 
laboratory synthesized 2
3
 from readily available chiral 
pool sources.  
 
Figure 1 Representative chiral diene ligands. 
The rigid bicyclic scaffold of ligands 1 and 2 is 
arguably the key to their success in asymmetric 
synthesis contexts, therefore it is perhaps surprising 
that chiral diene ligands which offer much greater 
levels of conformational flexibility should act as 
competent ligands. Du has extensively reported on the 
synthesis and application of “simpler” ligand 
structures, for example, ligand 3
4
 (Figure 1). Recently, 
the groups of Trost
5
 and Yu
6
 have reported asymmetric 
syntheses of ligands 4 and 5 respectively using 
transition-metal catalysis, however, in the case of 5, 
this ligand was not accessed as a single enantiomer. 
We felt that a significant level of structural scope 
existed to examine new ligand structures with 
syntheses offering diversity and if possible, both 
enantiomers accessible from inexpensive enantiopure 
chiral pool sources.  
As part of our interest in synthesizing biologically 
relevant -
7
 and -amino acids,
8
 we have recently 
reported the use of serine-derived oxazolidines as 
highly stereoselective motifs for Ireland-Claisen 
rearrangements.
9
 The products from this 
rearrangement were unsaturated derivatives of 
biologically important unsaturated β,β′-dihydroxy α-
amino acid products, offering large levels of structural 
diversity of alkyl- and aryl-allyl ethers, with allyl 
ethers 6a-b being representative (Scheme 1). We 
anticipated that ethers such as 6, derived from 
serine,
10
 could be readily transformed to diene ligands 
7a-b as depicted in Scheme 1. 
 
Scheme 1 Design principle for oxazolidinyl chiral diene ligands. 
Prior to synthesizing 7a-b, esters 6a-b were 
complemented by three additional esters (6c-e) 
formed by the alkylation of 8 (Scheme 2). These 
additional ligands would offer the ability to probe 
steric and electronic sensitivity of the ligands in 
addition to being potentially simpler to synthesize. 
Accordingly, LHMDS-mediated enolization and 
subsequent reaction with electrophile formed 
oxazolidines 6c-e in excellent yield.
11,12 
Simple Oxazolidine Chiral Diene Ligands for Enantioselective Rh-Catalyzed 
Conjugate Additions. 
Nathan W. G. Fairhurst,
a
 Rachel H. Munday,
b
 David R. Carbery,*
a
 
a Department of Chemistry, University of Bath, Claverton Down, Bath, BA2 7AY, UK 
b AstraZeneca, Pharmaceutical Development, Silk Road Business Park, Charter Way, Macclesfield, Cheshire, SK10 2NA 
Fax: +44(1225)386231. 
E-mail: d.carbery@bath.ac.uk. 
Received: The date will be inserted once the manuscript is accepted. 
2 SYNLETT: LETTER  
Template for SYNLETT and SYNTHESIS © Thieme  Stuttgart · New York 2013-04-29 page 2 of 5 
 
Scheme 2 Oxazolidine alkylations  
Oxazolidines 6a-e have been converted to diene 
ligands 7a-e through a synthetic sequence comprising 
of LiAlH4-mediated ester reduction, Swern oxidation 
and Wittig olefination (Table 1). It is worth noting that 
this three-step sequence was synthetically amenable, 
with only a single chromatographic purification 
required after the final Wittig methylenation reaction 
Table 1 Ligand Synthesis 
 
Entry R
1 
R
2 
R
3 
 Yield (%)
a 
1 OEt H H 7a 68 
2 OPMP H H 7b 53 
3 H H H 7c 58 
4 H Me H 7d 41 
5 H H Me 7e 60 
a 
Isolated yield over three steps. 
 
With five diene ligands synthesized, we sought to 
determine their efficacy in an enantioselective 
transformation. The Rh-catalyzed addition of 
phenylboronic acid (11a) to 2-cyclohexenone (10) was 
chosen as this reaction arguably acts as the 
benchmarking evaluation in the area of chiral diene 
ligand design. The conditions reported by Yu were 
chosen as a starting point because of the structural 
similarities of the ligands, i.e. the 5-membered ring 
skeleton in 5 and 7.
6
 In conducting the ligand screen it 
was observed that the reactions were proceeding 
sluggishly, and extended reaction times failed to 
achieve full conversion. Importantly though, on 
solvent removal at reduced pressure, any residual 
starting material was consumed. Consequently, a new 
operationally simple procedure was developed 
whereby on addition of 10, the reaction mixture was 
transferred to a rotary evaporator. The results from 
this ligand screen are presented in Table 2.  
Table 2 Ligand Screening 
 
Entry Ligand
a 
Yield (%)
 
ee (%)
b 
1 7a 100 83 
2 7b 86 72 
3 7c 100 87 
4 7d 40 84 
5 7e 78 49 
a
 Complexation of Rh-catalyst with ligand 7 conducted at 50 °C 
prior to reaction. 
b
Assayed using chiral stationary phase HPLC 
(Chiralpak AD column). 
 
The reaction is sensitive to the choice of ligand, both 
in terms of reaction efficiency and enantioselectivity. 
The reaction is inhibited when the ligand features the 
methyallyl fragment (7d, entry 4, Table 2) and 
enantioselectivity is reduced when the ligand features 
the crotyl fragment (7e, entry 4). The best 
combination was seen when the simple ligand (7c, 
entry 3) was used. 
Having identified 7c as the most stereoselective ligand 
option during the initial benchmarking process, we 
looked to further explore the reaction optimization 
(Table 3). Many literature reports specify 50 °C as the 
optimum temperature to allow catalyst/ligand 
exchange.
1
 However, utilizing our in vacuo 
conditions, it can be seen that this can be done at room 
temperature with no loss in yield, and a slight increase 
in enantioselectivity (entries 1 & 2). Moreover, this 
removes the need to allow the reaction mixture to cool 
prior to addition of 10. Under normal reaction 
conditions (that is, stirring under an inert atmosphere), 
the reactions proceed sluggishly, even with extended 
reaction times (entries 3 and 4). However, on heating 
to 100 °C, it is driven to completion, and a near 
quantitative yield is obtained (entry 5). Unfortunately, 
the enantioselectivity is lower than that seen under 
rotary evaporation.  
Table 3 Further Reaction Optimization 
 
Entry T (°C)
 
t  Yield (%)
 
ee (%)
d 
1
a, b 
20 1 min 100 87 
2
b 
20 1 min 100 88 
3
c 
20 2.5 h 17 83 
4
c 
20 24 h 16 88 
5
c 
100 2.5 h 97 82 
a
 Complexation of Rh-catalyst and ligand 7 conducted at 50 °C 
prior to reaction. 
b
 Reaction transferred immediately to rotary 
evaporator, set to 40 °C, on addition of 10. 
c
 Reaction subjected to 
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aqueous work-up. 
d
 Assayed using chiral stationary phase HPLC 
(Chiralpak AD column). See Supporting Information for details. 
 
Finally, a short study of boronic acid reaction partners 
has been accomplished (Table 4). In the small sample 
set presented, ligand 7c is seen to offer good 
enantioselectivity with the highest observed 
selectivity observed with 4-fluorobenzeneboronic acid 
(91% ee, entry 2, Table 4). The isolated yield of the 
product derived from 4-acetylbenzeneboronic acid 
(12e) is notably lower, even though the 
enantioselectivity remains high (entry 5, Table 4).  
Table 4 Boronic Acid Scope 
 
Entry Ar
 
Yield (%)
 
ee (%)
a 
1 H 100 (12a) 88 
2 4-FC6H4 95 (12b) 91 
3 4-MeOC6H4 93 (12c) 84 
4 1-Naphthyl 100 (12d) 73 
5 4-AcC6H4 24 (12e) 79 
6 4-ClC6H4 87 (12f) 83 
a
 Assayed using chiral stationary phase HPLC. See Supporting 
Information for details. 
 
In conclusion, simple chiral diene ligands have been 
synthesized from serine. The optimum ligand in this 
study (7c) is synthesized via a self-regeneration of 
stereocenters approach via allylation of a serine-
derived oxazolidine. As both enantiomers of serine are 
commercially available and inexpensive, both 
enantiomers of these ligands will be accessible.  
 
 
A solution of phenylboronic acid (1.5 equiv), 
bis(ethylene)rhodium(I) chloride dimer (2.5 mol%) 
and ligand 7c (6 mol%) in 1,4-dioxane (0.9 mL) was 
allowed to stir at room temperature for 15 minutes. To 
this reaction mixture was added 2-cyclohexenone and 
KOH (aq. 0.075 M, 10 mol%) and the reaction 
mixture immediately concentrated in vacuo at a 
temperature of 40 °C. Subsequent purification by flash 
chromatography to (10:1 Pet/EtOAc) afforded ketone 
12a as a colourless oil (58 mg, 100%, 88% ee). Chiral 
stationary-phase HPLC analysis performed using a 
Chiralpak AD column (hexane/2-propanol, 99:1, 0.5 
mL/min, 214 nm); tR: 23.3 min (minor), 27.8 min 
(major). []D
20
 +16.0 (c 1.88, CHCl3), lit.
13
 []D
20
 
+17.2 (c 1.0, CHCl3, 94% ee); 
1
H NMR (500MHz, 
CDCl3) H 1.74–1.93 (2H, m), 2.07–2.14 (1H, m), 
2.17 (1H, ddd, J = 13.0, 6.3, 3.2 Hz), 2.35–2.65 (4H, 
m), 3.03 (1H, tt, J = 11.8, 3.9 Hz), 7.22–7.28 (3H, m), 
7.35 (2H, app. t, J = 7.5 Hz);
 13
C NMR (125MHz, 
CDCl3) C 25.6, 32.8, 41.2, 44.8, 49.0, 126.6, 126.7, 
128.7, 144.4, 211.0. All analytical data in accordance 
with reported literature values. 
Supporting Information for this article is available 
online at http://www.thieme-
connect.de/ejournals/toc/synlett. 
Primary Data for this article are available online at 
http://www.thieme-connect.com/ejournals/toc/synlett 
and can be cited using the following DOI: (number 
will be inserted prior to online publication). 
Acknowledgment 
We thank AstraZeneca, EPSRC and University of Bath for 
studentship support (NWGF). We thank Prof C. Frost for the 
generous gift of boronic acids used in this study. 
References 
(1) For relevant reviews of chiral dienes and seminal reports 
of enantioselective Rh-catalysed conjugate addition of 
boronic acids , see: (a) Shintani, R.; Hayashi, T. 
Aldrichimica Acta 2009, 42, 31. (b) Defieber, C.; 
Grützmacher, H.; Carreira, E. M. Angew. Chem., Int. Ed. 
2008, 47, 4482. (c) Glorius, F. Angew. Chem., Int. Ed. 
2004, 43, 3364. (d) Sakai, M.; Hayashi, H.; Miyaura, N. 
Organometallics, 1997, 16, 4229. (e) Takaya, Y.; 
Ogasawara, M.; Hayashi, T.; Sakai, M.; Miyaura, T. J. 
Am. Chem. Soc. 1998, 120, 5579. (f) Fischer, C.; 
Defieber, C.; Suzuki, T.; Carreira, E. M. J. Am. Chem. 
Soc. 2004, 126, 1628. 
(2) Hayashi, T.; Ueyama, K.; Tokunaga, N.; Yoshida, K. J. 
Am. Chem. Soc. 2003, 125, 11508. 
(3) Defieber, C.; Paquin, J.-F.; Serna, S.; Carreira, E. M. 
Org. Lett. 2004, 6, 3873. 
(4) Hu, X.; Zhuang, M.; Cao, Z.; Du, H. Org. Lett. 2009, 
11, 4744. 
(5) Trost, B. M.; Burns A. C., Tautz, T. Org. Lett. 2011, 13, 
4566. 
(6) Li, Q.; Dong, Z.; Yu Z.-X. Org. Lett. 2011, 13, 1122. 
(7) (a) Tellam, J. P.; Kociok-Köhn, G.; Carbery, D. R. Org. 
Lett. 2008, 10, 5199. (b) Tellam, J. P.; Carbery, D. R. J. 
Org. Chem. 2010, 75, 7491. (c) Tellam, J. P.; Carbery, 
D. R. Tetrahedron Lett. 2011, 52, 6027. 
(8) (a) Ylioja, P. M.; Mosley, A. D.; Charlot, C. E.; Carbery, 
D. R. Tetrahedron Lett. 2008, 49, 1111. (b) Harker, W. 
R. R.; Carswell, E. L.; Carbery, D. R. Org. Lett. 2010 
12, 3712. (c) Harker, W. R. R.; Carswell, E. L.; Carbery, 
D. R. Org. Biomol. Chem. 2012, 10, 1406. (d) 
Heffernan, S. J.; Carbery, D. R. Tetrahedron Lett. 2012, 
doi.org/10.1016/j.tetlet.2012.07.088. 
(9) Fairhurst, N. W. G.; Mahon, M. F.; Munday, R. H.; 
Carbery, D. R. Org. Lett. 2012, 14, 756. 
(10) It is important to note that the cost ratio of D-serine to 
L-serine is only 2:1 based on current Sigma-Aldrich 
prices for comparable grades of product. 
(11) Di Giacomo, M.; Vinci, V.; Serra, M.; Colombo, L., 
Tetrahedron: Asymmetry 2008, 19, 247. 
4 SYNLETT: LETTER  
Template for SYNLETT and SYNTHESIS © Thieme  Stuttgart · New York 2013-04-29 page 4 of 5 
(12) Methyallyl iodide prepared by Finkelstein reaction from 
the homolgous chloride, see: Baughman, T. W.; Sworen, 
J. C.; Wagener, K. B., Tetrahedron 2004, 60, 10943. 
(13) Feng, X.; Wang, Y.; Wei, B.; Yang, J.; Du, H., Org. Lett. 
2011, 13, 3300. 
5 SYNLETT: LETTER  
Template for SYNLETT and SYNTHESIS © Thieme  Stuttgart · New York 2013-04-29 page 5 of 5 
Please place the graphical abstract and short title of the article here. The short title will be used as a running 
header. 
Manuscript submission checklist 
 • Statement of significance of work. 
 • Full mailing address, telephone, and fax numbers and e-mail address of the corresponding author. 
 • Graphical abstract. 
 • 5 key words. 
 • Original Word file. 
 • Word file saved as a PDF file. 
 • Original graphics files. 
Send all materials on this list to the appropriate Regional Editor. Keep the original Word and graphics files for 
revisions and for final submission after acceptance. 
 
                                                        
(1) 1 For relevant reviews, see: (a) Shintani, R.; Hayashi, T. Aldrichimica Acta 2009, 42, 31. (b) Defieber, C.; Grützmacher, H.; 
Carreira, E. M. Angew. Chem., Int. Ed. 2008, 47, 4482. (c) Glorius, F. Angew. Chem., Int. Ed. 2004, 43, 3364. 
(2) 2 Hayashi, T.; Ueyama, K.; Tokunaga, N.; Yoshida, K. J. Am. Chem. Soc. 2003, 125, 11508. 
(3) 3 Defieber, C.; Paquin, J.-F.; Serna, S.; and Carreira, E. M. Org. Lett. 2004, 6, 3873. 
(4) 4 Hu, X.; Zhuang, M.; Cao, Z.; Du, H. Org. Lett. 2009, 11, 4744. 
(5) 5 Trost, B. M.; Burns A. C., Tautz, T. Org. Lett. 2011, 13, 4566. 
(6) 6 Li, Q.; Dong, Z.; Yu Z.-X. Org. Lett. 2011, 13, 1122. 
(7) 7 (a) Tellam, J. P.; Kociok-Köhn, G.; Carbery, D. R. Org. Lett. 2008, 10, 5199. (b) Tellam, J. P.; Carbery, D. R. J. Org. Chem. 2010, 
75, 7491. (c) Tellam, J. P.; Carbery, D. R. Tetrahedron Lett. 2011, 52, 6027. 
(8) 8 (a) Ylioja, P. M.; Mosley, A. D.; Charlot, C. E.; Carbery, D. R. Tetrahedron Lett. 2008, 49, 1111. (b) Harker, W. R. R.; Carswell, 
E. L.; Carbery, D. R. Org. Lett. 2010 12, 3712. (c) Harker, W. R. R.; Carswell, E. L.; Carbery, D. R. Org. Biomol. Chem. 2012, 10, 
1406. (d) Heffernan, S. J.; Carbery, D. R. Tetrahedron Lett. 2012, doi.org/10.1016/j.tetlet.2012.07.088. 
(9) 9 Fairhurst, N. W. G.; Mahon, M. F.; Munday, R. H.; Carbery, D. R. Org. Lett. 2012, 14, 756. 
(10) 10 It is important to note that the cost ratio of D-serine to L-serine is only 2:1 based on current Sigma-Aldrich prices for 
comparable grades of product. 
(11) 11 Di Giacomo, M.; Vinci, V.; Serra, M.; Colombo, L., Tetrahedron: Asymmetry 2008, 19, 247. 
(12) 12 Methyallyl iodide prepared by Finkelstein reaction from the homolgous chloride, see: Baughman, T. W.; Sworen, J. C.; 
Wagener, K. B., Tetrahedron 2004, 60, 10943. 
(13) 13 Feng, X.; Wang, Y.; Wei, B.; Yang, J.; Du, H., Org. Lett. 2011, 13, 3300. 
